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@ Process of producing reinforced articles. 

© A method of producing a moulded article provided with 
reinforcement in selected portions of the article comprising 
moulding a thermoplastic polymeric material in a mould 
cavity containing reinforcing material characterised in that 
the reinforcing material in the mould is at least one 
preformed element comprising reinforcing fibres substan- 
tially totally embedded in e thermoplastic polymeric matrix, 
the preformed element having sufficient form stability to 
enable it to be located and restrained in the mould cavity to 
provide reinforcement In pre- selected portions of the 
^ moulded article. Distortion of the moulded article arising 
^ from the presence of the reinforcing insert is avoided by 
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symmetrical disposition of the elements within the moulded 
article. 
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PROCESS OF PRODUCING REINFORCED ARTICLES 

This invention relates to a process of producing 
polymeric shaped articles containing reinforcing fibr s 
and to the articles so produced. 
5 * A wide variety of methods are available for producing 
polymeric shaped articles Which contain fibrous 
reinforcement which thereby have improved strength, 
stiffness and performance characteristics. In a typical 
method the articles are formed from injection mouldabl 

10 granules of a polymer which contains reinforcing fibres 
which have been introduced into a melt of the polymer in a 
compounding extruder. Glass fibre is usually used in such 
products and the average glass fibre length in the 
granular product is typically of the order of 0*5 ram or 

15 less. In this specification such products are termed 

"short glass" reinforced composition. Despite the short 
length of the glass fibres in such products, properties 
such as tensile strength and flexural modulus are 
considerably enhanced and such reinforced polymer granules 

20 find a wide range of applications. These compositions are 
widely used in the high productivity process of injection 
moulding. A disadvantage of the product is that because 
the reinforcing fibres are distributed essentially 
uniformly throughout "any product formed from the granules 

25 there is no possibility of selectively reinforcing those 
portions of the shaped article which will be subject to 
greatest stress when the article is in use. Thus the 
fibrous reinforcement is not used as efficiently or as 
economically as it might be. Consequently the ratio of 

30 stiffness or strength provided by the reinforcement to the 
weight of the reinforcement is not maximised. Similarly, 
particularly in the case of expensive reinforcements, such 
as carbon fibres, the ratio of stiffness or strength to 
cost is not maximised. 
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Additionally, the process of injection moulding a 
"short glass 11 filled composition results in the fibre 
becoming preferentially aligned in the direction of flow 
of molten polymer so that the moulded articles show marked 
5 anisotropy/ showing greater strength along the direction . 
in which the fibres are aligned. This process of fibre 
alignment is essentially a random process controlled by 
the flow patterns in the mould so that it is not possible 
to provide selectively high reinforcement in a chosen 

10 portion of the article so produced. A further problem 
which arises with this type of product is that as the 
glass fibre content is increased, to try to achieve 
increased strength and other properties, the ease of 
processability drops off, particularly at glass fibre 

IS concentration in excess of 40% by weight of the 

composition. The improvement in strength obtainable at 
high concentrations also appears to reach a limiting 
value. The compositions of the present invention enable 
high mechanical properties to be obtained than with "short 

20 glass" reinforced compositions. 

In a different prior art process reinforcing fibre 
can be disposed to a limited extent in those portions of a 
shaped article which are likely to be subject to greatest 
stress in use by a process in vffiich glass fibres, 

25 particularly in the form of a coherent mat of long fibres 
are positioned in a mould cavity so that when a matrix 
material is introduced and hardened in the mould the 
resulting article contains selectively distributed fibr 
reinforcement- The latter process is restricted to a 

30 process in which the matrix material injected into the 
mould is of sufficiently low viscosity so that it can 
penetrate, between the individual filaments of the 
reinforcement and wet them, so that a good bond between 
the final matrix polymer and the reinforcement is 

35 provided. It is totally unsatisfactory as a m thod of 
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producing a reinforced thermoplastic article by 
introducing a melt of a thermoplastic polymer into a mould 
containing placed reinforcing fibres because not only will 
the melt fail to wet the reinforcing fibres sufficiently, 
5 but the high .pressure behind the viscous melt is likely to 
sweep the placed fibres aside so that they are not 
eventually disposed in the desired portions of the final 
article* 

An improved method has now been devised of producing- 

10 shaped articles which are selectively reinforced to 

provide maximum strength in use and Which has particular 
applicability to articles of thermoplastic polymers. 

Accordingly, there is provided a method of producing 
a moulded article provided with reinforcement in selected 

15 portions of the article comprising moulding a 

thermoplastic polymeric material in a mould cavity 
containing reinforcing material characterised in that the 
reinforcing material in the mould is at least one 
preformed element comprising reinforcing fibres 

20 substantially totally embedded in a thermoplastic 

polymeric matrix, the preformed element having sufficient 
f oAn stability to enable it to be located and restrained 
in the mould cavity to provide reinforcement in pre- 
selected portions of the moulded article. 

25 The invention not only permits the fibrous 

reinforcement to be located in the shaped article with 
maximum effect with respect to the stresses the shaped 
article will be subjected to in use but overcomes the 
processing problems involved in producing such articles. 

30 In particular the process can be used to produce such 

reinforced articles using the high productivity injection 
moulding process using conventional thermoplastic polymers 
with melt viscosities of 100 Ns/m or more. 

There is also provided a-reinforced shaped article 

35 characterised in that the article contains at least one 
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preformed element comprising reinforcing fibres embedded 
in a thermoplastic polymeric matrix, the preformed element 
or elements being contained within a second thermoplastic 
polymer forming the body of the shaped article vftiich 
5 second polymer may* be the same or different to the polymer 
of the matrix surrounding the reinforcing fibres. 

The preformed* element containing totally embedded 
reinforcing fibres is distinct from the mats of fibres 
which have previously been used in thermosetting moulding 

10 technology. Although these prior art reinforcing mats may 
be impregnated with a polymeric binder to hold the fibres 
of the mat in a handleable package such impregnated mats 
have no form stability in the sense that they will not 
retain their shape when picked up. Form stability is only 

15 conferred on these mats when they become part of the 

cured, shaped article. In the preformed elements of the 
present invention the fibres have been impregnated with 
and are embedded within a polymeric resin to provide an 
element which is form stable, at ambient temperatures. It 

20 is not necessary that this form stable element is rigid 
and in some circumstances it is advantageous if the 
element is pliable because this may make it more easily 
locatable in a desired position in the mould. The 
preformed element of the present invention may be 

25 characterised as a package of reinforcing fibres 

containing sufficient of a matrix polymer to give an 
element having an interlarainar shear strength of at least 
5 MN/m at room temperature ♦ 

The most* important characteristic of the preformed 

30 element is that the fibres should be substantially totally 
embedded in the polymer /matrix . It is not essential that 
the element has this minimum interlaminar shear strength 
at the time that it is located in the mould. In fact, it 
may be advantageous in sane applications to use the 

35 preformed- element at a temperature at which it is readily 
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pliable so that it can be more readily located in the 
mould, for example by winding the heat softened preform d 
element on a mould insert. 

The moulding process used may be any process in Which 
5 a shaped article is formed from a thermoplastic polymeric 
material in a mould. For example , the polymeric material 
may be a thermoplastics material which is introduced into 
the mould as a melt, such as in injection moulding or as a 
powder, as in compression moulding. Included in the term 

10 "compression moulding" is the process of compressing a 
polymer powder without melting and subsequently sintering 
the "green" moulding outside the mould. Also included is 
the process of stamping a reinforced sheet in a mould. 
The thermoplastics polymeric material moulded in the mould 

15 may also be derived by introducing into the mould a 

monomer or monomers, or a partially polymerised medium 
which is held in the mould until fully polymerised, for 
example, under the influence of heat or chemical 
activators or initiators. 

20 The preformed elements used in the process may be 

prepared by a number of techniques from continuous 
reinforcing fibres* Thus a continuous roving or tow 
consisting of a bundle of filaments, such as glass 
filaments, may be impregnated by a rigid polymer or 

25 prepolymer in liquid form. The liquid form of the polymer 
may be a solution, dispersion or melt of the polymer. Th 
liquid form of the prepolymer will normally be a partially 
polymerised form of the polymer, such as a partially 
polymerised polymer in monomer syrup. 

30 When it is necessary or desirable to use a melt of a 

thermoplastic polymer to impregnate the fibre, to produce 
the preform for use in the invention, difficulties arise 
if the melt is formed of a polymer of a molecular weight 
in the range normally required to confer adequate physical 

35 properties on the polymer. Thus the melt viscosities of 



0063403 



- 6 - 31793 

conventional high molecular weight thermoplastics polymers 
are usually in excess of 100 Ns/m , Good vetting of the 
fibres with a melt of such high viscosity is very 
difficult to achieve. Whilst it is possible to reduce 
5 melt viscosity to some extent by increasing the melt 

temperature it is normally the case that an insufficient 
reduction is obtainable below the decomposition 
temperature of the thermoplastics polymer. Surprisingly, 
however, the use of a thermoplastics polymer of low enough 

10 molecular weight to give a sufficiently low melt viscosity 
to result in adequate fibre wetting gives a product of 
high strength. 

Thus a thermoplastics polymer composition which has 
been obtained by drawing a roving consisting of a 

15 plurality of continuous filaments through a melt of the 
thermoplastics polymer having a melt viscosity below its 
decomposition temperature of less than .30 Ns/ms^ and 
preferably between 1 and 10 Ns/m whilst the filaments 
of the roving are separated and subsequently consolidating 

20 the filaments into a polymer impregnated lace gives a lace 
of high strength. The resulting reinforced elements are 
very suitable for use in the present invention, 
particularly where the polymeric material used in the 
moulding process is a conventional high molecular weight 

25 thermoplastics polymer. 

Another suitable form of preformed element for use in 
the invention is a fibre-reinforced element containing a 
high molecular weight thermoplastics polymer such as 
described in British Patent Specification No. 1 334 702. 

30 In this specification there is described a process of 
producing a fibre-reinforced element by separating the 
continuous fibres in a fibre roving into bundles of 
filaments by wedging polymer powders between the bundles 
and subsequently drawing the powder impregnat d roving 

35 through a hot die or tube to melt the polymer powder and 
consolidate the impregnat d roving into a lac . 
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The continuous reinforcing fibres used in the present 
invention may be selected from glass fibres, carbon 
fibres, natural fibres such as jute and synthetic polymer 
fibres of high modulus. The choice of fibre will depend 
5 on a balance of the cost/ the required physical properties 
and in the case of the polymer fibres Whether they will 
withstand the processing conditions of introducing the 
f lovable polymer when the polymer is a high temperature 
melt, 

10 In the context of the present invention "continuous 

fibres" is deemed to mean a collection of fibres in which 
no fibre is less than 2 ram long. Thus, the preformed 
element used is fibre-containing package, no fibre of 
which is less than 2 mm. The fibre-containing package may 

15 be produced by impregnation of a fibre structure which 
preferably contains fibres infaich are mudh longer than 
20 mm. For example, the fibre structure may be a 
continuous glass fibre roving, but may be a chopped strand 
mat, that is a non-woven fabric consisting of chopped 

20 glass fibre strands about 20 mm to 50 mm in length laid 
randomly in a horizontal plane and lightly bound together 
with a binder such as poly (vinyl acetate). Other forms of 
fibre structure may be used, such as woven mats. As a 
further alternative the preformed element may be prepared 

25 by distributing fibres which are at least 2 itro long in a 
polymer matrix. Preferably the fibres used are continuous 
aligned fibres and extend longitudinally of the preformed 
element. 

The preformed elements should preferably contain at 
30 least 20%, and preferably at least 40%, by weight of fibre 
based on the weight of the element. 

The nature of the polymer of the preformed element 
will depend on the nature of the polymer in which it is 
to be incorporated to form the reinforced shaped article. 
35 The polymer forming the matrix around the fibr s should be 
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compatible with the polymer in which it is incorporated in 
the moulding process. Preferably the two polymers should 
have the same composition, although they need not have the 
same molecular weight. 
5 The shape of the preformed element will depend on the 

mould in which it is to be located for the process of 
forming the reinforced shaped article. It may take the 
form of a solid or hollow rod, strip or sheet which can be 
located in a desired position in the mould. The major 

10 advantage of preformed elements formed from thermoplastic 
polymers is that they can be converted into shaped 
elements having a shape suitable for insertion into a 
particular mould by heating the elements to a temperature 
above the softening point of the matrix polymer. This 

15 allows much greater freedom in the design of the preformed 
element to be inserted into the mould because the elements 
can be fabricated into elements of complex shape. For 
example, the flexible elements can be wound onto formers 
of a shape that provide the reinforcement in the required 

20 areas when the reinforced former becomes part of the final 
shaped article. 

The process of moulding a molten thermoplastic 
polymer preformed element can set up significant internal 
strain in the final shaped article as the melt cools. 

25 When the shaped article contains at least one preformed 

element the effect of the contracting forces can result in 
the strain being transferred to the rigid element so that 
it is under compression. The strain induced can be so 
severe that the final article takes up a warped shape when 

30 removed from the mould. This problem can be overcome by 
proper positioning of the elements in the mould so that 
the contraction forces acting on the elements are 
balanced. In a further aspect of the invention there is 
provided a method of producing a shaped article provided 

35 with reinforcement in selected portions of the article 
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characterised in that a thermoplastic polymer is moulded 
as a melt in a mould cavity containing at least one 
preformed, element characterised in that the preformed 
element consists of continuous reinforcing fibres embedded 
5 in a thermoplastic polymer matrix, the preformed elements 
being located and restrained in the mould to provide 
reinforcement in selected portions of the hardened shaped 
article, and being so located as to be symmetrically 
disposed with respect to the contraction forces arising as 

10 the polymer is cooled. 

The location of the preformed elements in the mould 
to give this symmetrical disposition with respect to the 
contraction forces will depend on the shape of the article 
to be produced and on the portions of the shaped article 

15 where reinforcement is required. For articles of 

reasonably constant cross section the elements may be 
symmetrically disposed about an axis of the shaped 
article f the elements being essentially parallel to the 
axis. For articles of more complex shape it may be 

20 necessary to determine the configuration of elements 

necessary in a warp-free article by a process of trial and 
error. 

The preformed elements may be positioned in the 
desired placement in the mould by a variety of methods. 

25 When the reinforcement is required in the surface of the 
shaped article the elements may be attached to the surface 
of the mould by adhesion using double-sided adhesive tape 
or a surface applied adhesive. Alternatively, the 
elements may be located in the mould by mechanical or 

30 vacuum means. In those cases where the mould is provided 
with a moulding core Which is removed after the article is 
moulded the preformed elements may be attached to or wound 
on the moulding core. 
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The flowable polymer which is moulded around the 
preformed elements may comprise any polymer or blend of 
polymers which will adhere to the preformed element 
insert. TOius the flowable polymer may be any thermoplastic 
5 polymer, optionally containing any of the conventional 
auxiliary materials conventionally used, such as 
stabilisers, pigments, processing aids, fire retardants 
and fillers. The fillers may be of the particulate non- 
reinforcing type or may contribute additional 

10 reinforcement to the article. In particular there may be 
present fibrous materials less than 2 mn in length which 
will provide reinforcement in addition to that provided by 
the selectively disposed rigid elements containing 
continuous fibres. Thus suitable materials for moulding 

15 around the preformed elements include the "short glass" 
reinforced compositions. 

The portions of the shaped article which are to be 
reinforced will depend on the ultimate use of the article 
and the environmental forces to which it is to be 

20 subjected. Thus articles subject to bending forces 

benefit from having the reinforcement localised in or near 
the surface of the article and with the fibres lying in a 
direction corresponding to the stresses involved through 
application of the bending force. For articles where 

25 resistance to torsional stresses are required the 

reinforcement may be present near the outer surface of th 
article, preferably being applied at an angle of about 45° 
to the longitudinal axis of the article, using filament 
winding techniques known in the art. 

30 In relation to reinforcement processes in which the 

conventional "short glass" reinforced compositions are 
used other benefits which arise from the use of the 
present invention include the more economic use of the 
plastics material in an article by allowing thinner 

35 sections of equivalent strength to be obtained, or by the 



0063403 



- ii - 



31793 



use of foams or hollow sections of equivalent strength. 
In addition cheaper lower-performance plastics may be 
used* Furthermore, the problem of weak weld lines which 
can occur when the faces of two flows of polymer meet in 
5 filling a mould can be overcome if the local reinforcement 
in the shaped article bridges any weld line produced. The 
anisotropy observed resulting from flow orientation of 
short fibres can also be avoided or compensated for by use 
of the present invention. A further advantage over the 

10 use of conventional injection moulded "short glass" 

reinforced products is that a higher unit stiffness can be 
obtained in a given mould cycle time. This arises because 
(a) of the thinner sections which can be used for a given 
strength (cooling time depends on the square of the 

15 thickness), (b) because the material injected into the 
mould may be an unfilled polymer (considerably lower in 
viscosity than reinforced polymer) and (c) because the 
preformed elements in the mould can act as heat sinks to 
take up heat from the injected mmolten materials. 

20 The process of the present invention also provides 

greater toughness than obtained on moulding products from 
"short glass" reinforced products. Furthermore, the 
balance of stiffness and toughness is much more favourable 
than in the case of the "short glass" products, especially 

25 when considered in terms of designing products with a 

guaranteed safe performance with respect to a particular 
application or requirement. 

As previously indicated a major benefit of the 
invention is that articles can be produced having high 

30 stiffness at low weight. At present the benefit of using 
the low density high strength carbon fibres is only made 
use of in applications which can bear a high cost such as 
in premium sporting equipment and aircraft or space 
vehicle parts. The present invention allows such fibres 

35 to be used more economically in more conventional 
applications such as the automotive industry. 
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It also allows articles currently being made from 
carbon fibres for the aforementioned premium applications 
to be made more economically. For example, tennis rackets 
are currently being made according to the process 
5 described in British Patent Specification No. 2 015 886 ♦ 
In this process a hollow racket is produced using a 
meltable metal alloy core. The core is held in a mould 
and a carbon-fibre-filled nylon composition is injection 
moulded around the core. The meltable core is 

10 subsequently removed by heating the assembly to above the 
melting point of the alloy. Carbon fibres may be employed 
more efficiently according to the present invention by 
first producing a polymer impregnated strip which can 
either be inserted in the mould to provide reinforcement 

15 for both faces of the racket frame or may be wound in a 
heat-softened condition around the alloy core to provide 
the necessary stiffness. The polymer injected into the 
mould may then be an unreinforced polymer. 

The invention is further illustrated with reference 

20 to the following examples. 

EXAMPLE 1 

A series of injection moulded samples were produced 
using a Turner 803 Injection Moulding Machine, (CTA-2-80S) 
using a mould cavity of dimensions 145 mn z 12*5 mn x 

25 6.4 mm. A comparison was made between mouldings 

containing preformed glass-fibre .reinforced thermoplastic 
strips and identical mouldings not containing the strips. 
In the cases where reinforcing strips were included in the 
mouldings they were produced by locating them on each 

30 145 mm x 12.5 mm surface of the cavity using double-sided 
adhesive tape. The composition of the mouldings produced 
and the test results are summarised in the Table below. 
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(1) •Propathene* grade GWM 101. Extruder barrel 
temperatures 240°C (feed), 250°C, 250°C, 250*C 
(delivery) . Mould cooled with water at 20°C. 

(2) 'Propathene' grade HW60 6R30. Extruder barrel 
5 temperatures 260°C (feed), 270*0, 270°C, 270°C 

(delivery). Mould cooled with water at 20 °C. 

(3) The reinforcing strips consist of 80% w/w continuous 
glass fibre contained in polypropylene of MPI = 100 
@ (measured at 230 °C using 2.16 kg load according to 

10 ASTM D 1238. Each strip is 145 x 10.2 x 1.9 mm 

(4) Polyethylene terephthalate of intrinsic viscosity 
0.625 measured at 25 °C in o-chlorophenol as a 1% 
weight/ volume solution. Extruder barrel temperatures 
265 °C (feed), 275 °C, 275 °C, 270 ft C (delivery). Mould 

15 cooled with water at 20 °C. 

(5) A glass-reinforced composition containing the PET 
described in (4) together with 30% by weight of the 
composition of short-glass fibres . Extruder and 
mould conditions as in (4) . 

20 (6) The reinforcing strips consist of 68% w/w continuous 
glass fibre contained in polyethylene terephthalate 
of intrinsic viscosity 0.32 as in (4). Each strip is 
145 x 11.8 x 0.8 mm. 

(7) Measured by 3 point flexure heat with a support span 
25 of 81 mm, a load applied to the 145 x 12.5 mm face at 

mid-span, and a mid-span deflection rate of 8 mms/min. 
All machine/bar contacts via 4 mm radius surfaces. A 
permanent record is made of the load-deformation 
behaviour at mid-span, and the flexural modulus 
30 calculated by drawing a tangent to the steepest 

initial straight-line portion of the load-deformation 
curve, using the external cross-section dimensions of 
the individual bars. 

(8) Measured by Instrumented Falling Weight Test on a bar 
35 sample. The sample is supported on a span of 70 mm 
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and is impacted on the 145 x 12.5 mm face at mid-span 
by dropping a 30* wedge impactor having a weight of 
100 U and having a 2 mm radius striking edge* The 
impactor is dropped from a height such that the 
5 velocity at impact is 3 metres/sec. A force 

transducer is connected to the impactor to give a 
record of the load on the specimen during the time 
that it is deformed by the impactor* A permanent 
record is made of the load-deformation behaviour and 
10 the impact energies are calculated from the areas 

under this curve. 

"Onset of failure" refers to the energy value 
corresponding to the highest recorded load value. 
"Failure at 25 mm mid-span deflection" refers to the 
15 lesser of the energy values given by these 

conditions . 

EXAMPLE 2 

The procedure of Example 1 was repeated to assess the 
effect of the preformed elements on reducing sink marks in 

20 mouldings. The sample identified as Run A in Example 1 
showed pronounced sinking. 15ie nominal section 12.5 mm x 
6.4 mm thick was found to have an actual thickness of 
5.7 mm at the centre of the 12,5 mm span. Similarly the 
sample identified as sample B was found to have a 

25 thickness of 5.5 mm at the centre point of the reinforced 
span as against the nominal 6.4 mm. The samples 
identified as Runs C and D were found to show no 
significant deviation frcro the nominal 6.4 ram thickness. 
The procedure was repeated with the samples 

30 identified as runs E, F, G and H in Exammple 1. The 

actual thickness observed at the centre of the spans were 
6.2 mm, 6.1 mm, 6.4 mm and 6.4 mm respectively. 
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CLAIMS 

1. A method of producing a moulded article provid d 
with reinforcement in selected portions of the article 
comprising moulding a thermoplastic polymeric material in 

5 a mould cavity containing reinforcing material 

characterised in that the reinforcing material in the 
mould is at least one preformed element comprising 
reinforcing fibres substantially totally embedded in a 
thermoplastic polymeric matrix, the preformed element 
10 having sufficient form stability to enable it to be 
located and restrained in the mould cavity to provide 
reinforcement in pre-selected portions of the moulded 
" article. 

2. A method according to claim 1 characterised in 
15 that the thermoplastic polymer is moulded as a melt and 

the preformed reinforcing element or elements are 
symmetrically disposed with respect to the contraction 
forces arising when the polymer melt is cooled. 

3. A method according to either of claims 1 or 2 in 
20 which the moulded article is produced in an injection 

moulding process. 

4. A method according to any one of claims 1 to 3 
in which the preformed element has an interlaminar shear 
strength at room temperature of at least 5 MN/m 2 . 

25 5. A method according to claim 4 in which the 

reinforcing fibres in the preformed element are continuous 
aligned fibres extending longitudinally of the element. 

6. A method according to either of claims 4 and 5 
in which the thermoplastic polymer of the preformed 

30 element is such as to have a melt viscosity of less than 
30 Ns/m 2 at a temperature below the polymer 
decomposition temperature. 

7. A reinforced shaped article characterised in 
that the article contains at least one preformed element 

35 comprising reinforcing fibres embedded in a thermoplastic 
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polymeric matrix, the preformed element or elements being 
contained within a second thermoplastic polymer forming 
the body of the shaped article which second polymer may be 
the same or different to the polymer of the matrix 
5 surrounding the reinforcing fibres* 

8. A shaped article according to claim 7 in Which 
the reinforced elements are disposed within the shaped 
articles at positions Which provide the article with 
maximum strength in use, 

10 9* A shaped article according to either of claims 7 

or fi in which the polymer of the preformed insert is one 
having a melt viscosity of less than 30 Ns/nr below the 
decomposition of the polymer of the preformed insert. 

10. A shaped article according to any one of claims 

15 7 to 9 in which the polymer moulded with the preformed 
insert is one having a melt viscosity in excess of 
100 Ns/m 2 . 
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